Purpose Several guidelines have recently recommended exercise for prevention and treatment of type 2 diabetes. However, determining the optimum exercise conditions, e.g., the intensity, amount, frequency, and type of exercise, is difficult, particularly by patients themselves. We have investigated the acute effect of fast walking on postprandial blood glucose levels among patients with type 2 diabetes. Methods Fourteen patients diagnosed with type 2 diabetes at least 1 year previously were eligible for inclusion in this study during educational hospitalization. Three walking programs, natural walking (walking at a natural speed), 10 % fast walking, and 20 % fast walking, were performed 1 h after lunch in a randomized sequence with a washout period of 1 day. Walking time was 30 min in all the programs. Primary outcome was determined by selfmonitoring of blood glucose. Blood glucose levels were measured before walking, after walking for 15 min, and at the end of walking. Heart rate and systolic and diastolic pressure were also measured for safety reasons. Results All the participants completed the study with no adverse effects. Compared with natural walking, fast walking markedly improved postprandial glucose excursion in an intensity-dependent manner without any adverse effects. Conclusion Fast walking acutely reduced postprandial blood glucose levels among patients with type 2 diabetes. Our method has major implications for the practice of diabetes education in clinical rehabilitation.
Introduction
Type 2 diabetes is a metabolic disorder characterized by deteriorating glycemic control and an associated risk of complications [1, 2] . Evidence from clinical trials suggests that improving glycemic control can substantially reduce the long-term microvascular complications associated with diabetes [3] [4] [5] [6] . Several guidelines, including those of the American Diabetes Association and American College of Sports Medicine [7, 8] , have recently recommended exercise for prevention and treatment of type 2 diabetes. However, determining the optimum exercise conditions, e.g., the intensity, amount, and type of exercise, is difficult, particularly by patients themselves. Although it is generally recommended that exercise intensity is determined by use of maximum oxygen uptake (VO 2max ) with cardiopulmonary exercise testing (CPX), patients are usually unable to examine their VO 2max in daily life [7, 8] . We believe it is important for patients themselves to be able to determine the appropriate amount of exercise to obtain maximum benefit at lowest risk in their daily life.
In this study, we used fast walking as intervention, and the speed of fast walking was determined on the basis of natural walking (walking at a natural speed). Although the long-term effects of several walking exercises for controlling blood glucose levels and/or preventing adverse effects have been reported elsewhere [3, 9] , the acute effects of fast walking have not been reported with definitive evidence [10] . Exercise intensity was set at a relatively low level considering that patients with type 2 diabetes were not active in their daily life [8, 11, 12] . Furthermore, exercise intensity was based on the natural walking speed that patients themselves could set. A randomized, open-label, crossover clinical trial was used to investigate the immediate effect of fast walking on postprandial blood glucose levels among patients with type 2 diabetes and to establish definitive evidence for its widespread use.
Materials and methods

Ethics statement
This study was approved by the local ethics committee and conducted at the Naruto Prefecture Hospital, Japan, in accordance with the guidelines of Good Clinical Practice and the principles of the Declaration of Helsinki. It was also registered with the UMIN Clinical Trials Registry (UMIN000013253). All participants provided written informed consent before participating in the study.
Participants
Twenty-two patients (14 males and 8 females) with type 2 diabetes, aged 30-70 years with a body mass index (BMI) \30 kg/m 2 were eligible for this study during educational hospitalization for initiation of medication, exercise, and nutrition therapy. As pre-intervention screening, medical history, physical examination, including gait speed and CPX, and medical and laboratory data were evaluated. Gait speed was calculated as the natural walking speed of each patient. Participants were required to be free of clinically major medical and laboratory abnormalities, to have glycosylated hemoglobin (HbA1c) \8 % and fasting plasma glucose (FPG) \250 mg/dL, and to have type 2 diabetes that was well controlled by diet alone or with medication. Standard exclusion criteria included inability to perform exercise because of poor gait, renal disease, advanced retinopathy, coronary arterial disease, and heart failure. Total calorie consumption by the participants was 1471.4 ± 95.8 kcal (1400 kcal, n = 9; 1600 kcal, n = 5).
The participants' diets consisted of 50 % carbohydrate, 31 ± 2 % fat, and 19 ± 2 % protein; the carbohydrate was supplied from rice. The mean calorie count of breakfast and lunch was 426 ± 19 (400 kcal, n = 9; 440 kcal, n = 5) and 440 kcal (440 kcal, n = 9; 440 kcal, n = 5), respectively.
Intervention
During the screening period natural walking speed was measured, and the fast walking speed was calculated on the basis of the natural walking speed for each participant. After exclusion of eight participants (for poor blood glucose control, n = 4; heart failure, n = 2; poor gait ability, n = 2), the 14 remaining participants (9 males and 5 females) were randomly allocated to three walking programs. No changes to diet or medication were made for any patient during the intervention. Mean values at the time of assessment were: age, 55.5 ± 7.6 years; height, 167.0 ± 6.8 cm; weight, 67.2 ± 5.8 kg; BMI, 24.2 ± 0.9 kg/m 2 ; HbA1c, 6.7 ± 0.6 %; IRI, 4.2 ± 1.7 lU/ml, HOMA-IR, 1.8 ± 0.7; duration of diabetes, 5.1 ± 4.0 years, and _ VO 2max , 24.2 ± 4.4 ml/kg/min. The characteristics of the participants are listed in Table 1 . All patients participated in three walking programs, in a random order, by using a treadmill 1 h after lunch with a washout period of 1 day. The programs were: natural walking (walking at a natural speed), 10 % fast walking, and 20 % fast walking. All patients walked naturally for 3 min; the distance walked was measured and the natural walking speed was calculated. Walking time was 30 min in all the programs. The screening period was a week. Patients were randomly assigned to the walking programs.
Measurements
The primary outcome was determined on the basis of blood glucose levels, measured by self-monitoring of blood glucose (SMBG; Accu-Chek Ò Aviva; Roche Diagnostics, Mannheim, Germany). Blood glucose levels were measured before walking, after walking for 15 min, and at the end of walking. For safety reasons, heart rate and systolic and diastolic pressure were also measured as secondary outcomes.
Data analysis
Statistical analysis was performed by use of SPSS v. 21.0. Continuous variables were expressed as mean ± standard deviation. Statistical differences were denoted by p \ 0.05. The effects of the three walking programs on blood glucose levels were analyzed by use of repeated-measures ANOVA and Bonferroni post-hoc group comparisons, with the three walking programs and time as the repeated factors. Changes (delta) in each measurement from before to after exercise were assessed by one-way ANOVA. A post-hoc test (Scheffe's multiple comparison test) was then used to identify significant differences among the significant mean values. The homogeneity of variances was analyzed by use of the Shapiro-Wilk normality test.
Results
Screening test
All participants completed our walking programs. The speeds of 10 % (4.5 ± 0.2 km/h) and 20 % (4.9 ± 0.3 km/ h) fast walking were calculated on the basis of the speed of natural walking (4.1 ± 0.2 km/h). Maximum heart rate (HR max ) for natural walking, 10 % fast walking, and 20 % fast walking were 53.8 ± 3.7, 56.9 ± 4.0, and 60.7 ± 3.3 %, respectively. These HR max values corresponded to 40-50 % VO 2max .
Acute effect on blood glucose levels
The primary outcome was a decrease in postprandial blood glucose levels with natural walking, 10 % fast walking, and 20 % fast walking (Fig. 1) . Mean blood glucose values at baseline for natural walking, 10 % fast walking, and 20 % fast walking were 198.1 ± 28.6, 203.7 ± 43.9, and 206.1 ± 32.3 mg/dL, respectively. These values were comparable among the three walking programs. After 15 min, the mean blood glucose values for natural walking, 10 % fast walking, and 20 % fast walking were 175.6 ± 34.9, 158.8 ± 42.2, and 146.9 ± 30.2 mg/dL, respectively. A significant difference was observed between natural walking and 20 % fast walking. After 30 min, mean blood glucose values for natural walking, 10 % fast walking, and 20 % fast walking were 166.1 ± 34.9, 138.9 ± 42.1, and 125.3 ± 31.4 mg/dL, respectively. No significant changes were observed between 10 and 20 % fast walking, but changes were observed between natural walking and both 10 and 20 % Fig. 1 Self-monitoring of blood glucose levels. Blood glucose levels were measured before walking, after walking for 15 min, and after walking for 30 min. *Significant (p \ 0.05) difference between natural walking and fast walking. **Significant (p \ 0.01) difference between natural walking and fast walking Mean ± SD 54.5 ± 7.6 24.1 ± 0.9 6.7 ± 0.6 4.7 ± 1.7 1.9 ± 0.7 5.1 ± 4.0
Acute effect of fast walking on postprandial blood glucose control in type 2 diabetes 121 fast walking. The changes in blood glucose after exercise were -16.9 ± 8.8, -32.7 ± 10.2, and -39.8 ± 8.4 % for natural walking, 10 % fast walking, and 20 % fast walking, respectively, with significant differences between 20 % fast walking and both natural walking and 10 % fast walking.
Acute effects on heart rate and systolic and diastolic blood pressure Secondary outcomes were changes in heart rate and systolic and diastolic blood pressure (Table 2) . No significant changes from baseline were observed for heart rate or systolic and diastolic blood pressure among the three walking programs. After 10 and 20 % fast walking for 15 min, heart rate and systolic and diastolic blood pressure were significantly higher than after natural walking for 15 min (Table 2) . After walking for 30 min, heart rate and systolic and diastolic blood pressure for both 10 and 20 % fast walking were significantly different from that after natural walking (Table 2) . No significant increase in either heart rate or blood pressure was observed for 20 % fast walking compared with 10 % fast walking ( Table 2 ). The intervention was safely completed without cardiovascular problems; ranges for heart rate, systolic blood pressure, and diastolic blood pressure were 72-108 bpm, 126-156, and 64-96 mmHg, respectively.
Discussion
This randomized, open-label, crossover study illustrated that fast walking reduced postprandial blood glucose levels in an intensity-dependent manner for patients with type 2 diabetes. Postprandial blood glucose levels decreased acutely during 15 and 30 min of 10 and 20 % fast walking. The difference between the acute effects on blood glucose levels of 10 and 20 % fast walking for 30 min was not significant. Therefore, patients with type 2 diabetes can experience the same immediate effect on postprandial blood glucose levels as a result of 20 % fast walking for 30 min as they can as a result of 10 % fast walking for 30 min. Furthermore, 10 and 20 % fast walking did not adversely affect the cardiovascular system, at least not within 30 min. Previous studies have recommended fast walking as a method of reducing postprandial blood glucose levels because of its beneficial effects on the cardiovascular system in long-term follow-up [2, 6, 10, 13] . Our results are in agreement with these results and extend the findings to the acute effects of exercise on blood glucose levels as measured by SMBG [14, 15] . Although the participants in this study walked at relatively slow speeds, their relative exertion was 50-65 % of HR max , which corresponded to 40-50 % of _ VO 2max [16] . According to previous reports, health benefits may not be complete for patients with type 2 diabetes at their natural walking speed, although participants achieve approximate popular volume recommendations [17] . On the basis of the results of this study, 10 and 20 % fast walking may be sufficient to achieve current recommendations for physical activity to enable type 2 diabetes patients experience health benefits. Furthermore, 10 % fast walking may also reduce postprandial blood glucose levels, so these findings could help to encourage patients with diabetes to start walking with a low intensity and build exercise habits. Our results also indicate that fast walking was completed without adverse effects on the cardiovascular system. The changes in heart rate and systolic and diastolic blood pressure were within safe ranges during this study. Most previous reports revealed that exaggerated systolic and diastolic blood pressure in response to exercise was significantly associated with future hypertension [18] . Monitoring heart-rate responses during exercise is commonly believed to be important in assessment of exercise intensity because it linearly responds to workload and is closely associated with oxygen uptake [18, 19] . We showed that 10 and 20 % fast walking for 30 min were as safe as natural walking. This open-label trial has several limitations. First, the small number of participants, the accuracy of SMBG, and limited sampling times for SMBG may have affected the study. Second, awareness of the programs conducted may have affected reporting of adverse effects, although it is unlikely to have affected the more objective endpoint of blood glucose levels. Third, such factors as dietary composition and physical activity during this trial may have affected the results. However, the amount of carbohydrates and total calories included in the breakfast and lunch were almost identical for each participant. Furthermore, a randomized, open-label, crossover clinical trial was used to reduce the effect of the other factors. Fourth, participants had well-controlled diabetes; effects for patients with uncontrolled diabetes were not studied. Furthermore, the long-term effect and associated patient adherence of fast walking remain unclear. Further studies are needed to investigate these problems.
Conclusion
Up to 20 % fast walking reduced postprandial blood glucose levels among patients with type 2 diabetes in an intensity-dependent manner without any cardiovascular adverse effects. Our method has significant implications for the practice of diabetes education. Patients themselves can easily use our method to determine their exercise intensity, making it possible to start exercise and continue walking in their daily life.
